To determine a useful method for evaluating the quality of fresh-cut Welsh onions (Allium fistulosum L.), the onions were examined and electrical conductivity (EC), potassium and ammonia contents of electrolyte solution extracted from them were compared. The quality of cut onions stored at 0, 5 and 10˚C was stable for 6 days, while the quality of those stored at 15 or 20˚C showed slight deterioration after 4 and 3 days of storage, respectively, with mashed deterioration occurring thereafter. EC of onions stored at 15 or 20˚C decreased for the first 4 and 3 days of storage, respectively, and thereafter began to increase, although that of onions stored at 0, 5 or 10˚C decreased throughout the storage period. The changes in potassium content extracted by homogenization were steady during storage, although the changes in potassium extracted by leakage were similar to those in EC stored at 15 or 20˚C. The relationships between EC or potassium content and quality of cut onions suggested that electrolyte leakage occurred when the tissue collapsed due to decay. In cut onions stored at 15 or 20˚C, ammonia was first detected after 4 or 3 days, respectively, with high levels of ammonia detected thereafter. This indicated that ammonia is formed in the cellular tissue. The first day on which ammonia was detected corresponded approximately with the day on which an unpleasant odor was detected. Chlorophyll content of cut onions decreased with decay. However, in the case of EC, potassium and chlorophyll, the quality of the onions could not be known without continuous measurement. On the contrary, if ammonia was measured once, the quality of the onions could be evaluated; therefore, ammonia was a good parameter with which to evaluate onion decay.
The demand for fresh-cut or minimally processed vegetables has recently increased which makes the stability of the quality of such products important. Low temperature and/or modified atmosphere packaging have been shown to maintain the quality of vegetables (Izumi et al., 1996; Mylène et al., 1996) . There have also been a number of studies concerned with microbiology (Neelima et al., 1990; Zhang & Farber, 1996) , and for these studies, objective methods of evaluating the quality of fresh-cut vegetables are important.
To take an objective view of vegetable quality, the surface color of cut carrots was measured because the color became white due to dehydration of cells on the damaged surface (Izumi et al., 1996) . Induced phenylalanine ammonia lyase has been shown to be correlated with the visual quality of minimally processed iceberg lettuce (Couture et al., 1993) , and it is a useful parameter to predict the shelf-life and quality of fresh-cut lettuce (Gloria et al., 1996) . Leaf tip withering was measured to evaluate the quality of intact Welsh onions (Ibaraki et al., 1999) . Generally, growth or extension of the white inner leaf base occurs when the stem of a Welsh onion is cut crosswise. This can cause a decrease in the overall market quality of the onion. Hong et al. (2000) measured this phenomenon to evaluate the quality of minimally processed (removal of roots and compressed stem) green onions. Although this may occur in cut Welsh onions, it cannot be used to evaluate the stability of quality because the width of the cut is shorter.
This study was performed to determine an objective and simple method for evaluating the quality of cut Welsh onions.
Materials and Methods
Plant materials Welsh onions cv. Kujyo were produced at Fukuoka Agricultural Research Center. Only undamaged onions were used. On the day of harvest, the onions were cut crosswise (width 4 mm). Samples of 5 g of cut onions were sealed in a polyethylene film package (90 mm ¥ 200 mm, thickness: 0.03 mm), and each package was then stored at 0, 5, 10, 15 or 20˚C until use.
Respiration rate of cut Welsh onion The cut onions (100 g) were placed in a sealed glass container with 25 ml of 2 N KOH at various temperatures (0 to 20˚C). The accumulation of carbon dioxide soaked in KOH was measured by titrimetric assay using HCl.
Quality evaluation The unpleasant odor and decay of cut onions in each package were evaluated immediately after the packages were opened. These evaluations were scored as -, +, ++ or +++: no unpleasant odor or decay, slight, medium and strong odor or decay, respectively.
Measurement of electrolyte solution Electrolyte solution leaked from onion tissue was measured by the method described by Hirose (1985) . Cut onions were leaked into ten volumes of distilled water, kept for 2 h at 30˚C, and then filtered through filter paper (Toyo No. 2). The filtrates were used for analysis of EC, potassium and ammonia contents. Cut onions were then E-mail: ibaraki@farc.pref.fukuoka.jp homogenized for five min (10,000 rpm) with ten volumes of distilled water and filtered through filter paper (Toyo No. 2). The filtrates were used for analysis of potassium and ammonia contents. EC of electrolyte solution was determined using an electric conductivity meter (HORIBA, DS-12). Potassium content was determined using a flame photometer (EKO, model FLD), and ammonia content was determined by a micro diffusion method.
Chlorophyll content Welsh onions were homogenized with 4 volumes of acetone and filtered through filter paper (Toyo 5B). Chlorophyll determination was carried out as described by MackInney (1941) .
Results and discussion
Respiration rate of cut Welsh onions was reduced when cut onions were stored at low temperature ( Table 1 ). The respiration rates of those stored at 5 and 10˚C were only 1.8-and 2.2-fold higher than those stored at 0˚C, respectively, although the respiration rates at 15 and 20˚C were increased by 3.2-and 5.2-fold, respectively. Respiration can result in loss of food reserves in the tissue and loss of taste and food value (Kader, 1987) . In intact Welsh onions, a correlation was reported between the respiration rate and quality stability, i.e. lower respiration rate was associated with a greater stability of quality (Ibaraki et al., 1997) . Table 2 shows the development of unpleasant odor and decay. The quality of cut Welsh onions stored at 0, 5 and 10˚C was stable for 6 days, while the quality of those stored at 15 and 20˚C was slightly reduced after 4 and 3 days of storage, respectively, and became severe thereafter. This reduction in quality was first reflected by an unpleasant odor. The onions stored at 15 and 20˚C retained marketable quality for 3 and 2 days, respectively; they were edible after 4 and 3 days of storage, respectively, but inedible after 5 and 4 days. The quality of the onions deteriorated when they were stored at 15 or 20˚C because of the unpleasant odor and decay; in addition, respiration rates of these onions were higher than those stored at lower temperature. Higher storage temperature was associated with the increased proliferation of microorganisms (data not shown). Sugawara et al. (1987) reported that the shredded lettuce during practical distribution was around 10˚C. Considering these results, cut onions should be stored and distributed at temperatures below 10˚C.
The EC of electrolyte solution leaked from onion tissue decreased (Fig. 1) , and higher storage temperature was associated with an even more marked reduction. In onions stored at 15 and 20˚C, the degree of EC decrease was rapid during the first 4 and 3 days of storage, respectively, and thereafter began to increase. Figure 2 shows the differences in potassium contents between leaked and homogenized extract when onions were stored at 15˚C. Potassium is contained in the cell vacuoles. The potassium content extracted by homogenization was approximately steady during storage, although the changes in potassium leakage were similar to those in degree of EC in onions stored at 15 or 
ϩϩϩ Unpleasant odor and decay of cut onions at each storage temperature were evaluated using a rating scale of Ϫ to ϩϩϩ. Ϫ, ϩ, ϩϩ, ϩϩϩ, no unpleasant odor or decay, slight, medium, strong odor and decay, respectively. 20˚C. These two phenomena (decrease for the first few days and subsequent increase) can be explained as follows. Electrolytes usually leak out into water through cut ends or openings in the tissue. The decreases in EC or potassium content may be due to the drying or callus of the cut end. At higher storage temperatures drying or callus formation occurred more rapidly, so the cut ends were closed and the reductions of EC and potassium leakage were marked. The increases in EC and potassium content may occur as a result of cell collapse due to decay. Thus, electrolytes leak out through openings due to this collapse, and the EC then begins to increase. Electrolyte or potassium leakage is often used to assess the development of a physiological disorder in plant tissue such as chilling injury (Hirose, 1985; Hariyadi & Parkin, 1991) . In these cases, no decreases were observed in EC or potassium content although these parameters increased with physiological disorder because undamaged intact vegetables were used for these examinations. It is possible that injured tissue loses semipermeability, so electrolytes or potassium can leak out of the tissue. In the present study, onions decayed after 5 days of storage at 15˚C and 4 days of storage at 20˚C. Considering the relationship between electrolyte leakage and decay of cut onions, plant tissue was thought to have collapsed due to decay. The day on which EC began to increase corresponded approximately with the day on which the onions became inedible.
Ammonia leakage of the cut onions stored at 0, 5 and 10˚C was not detected during 6 days of storage (Fig. 3) . When the cut onions were stored at 15 and 20˚C, no ammonia was detected for the first 3 or 2 days, respectively, but increased rapidly thereafter. The first day on which ammonia was detected corresponded approximately with the day on which the unpleasant odor was first detected. This indicated that measurement of the ammonia content could be useful for characterizing the degree of quality stability of cut onions. Figure 4 shows the differences in ammonia contents between leaked and homogenized extracts when onions were stored at 15˚C. The changes in these contents were similar: steady for 3 days, and increasing thereafter. In leafy vegetables harvested when their metabolism is active, free amino acids are metabolized into nitrogen-storage compounds, which are subsequently deaminated with the liberation of free ammonia (Barker, 1987) . The increase in ammonia content in extracts prepared by homogenization indicated that ammonia is formed in the cellular tissue.
As the quality of intact Welsh onions deteriorated, chlorophyll content was reported to decrease (Ibaraki et al., 1999) . Chlorophyll content did not change in cut onions stored at 0, 5 or 10˚C, while that in onions stored at 15 or 20˚C decreased after 4 days of storage and showed mashed decreases thereafter (Fig. 5) . Similarly to intact onions, the chlorophyll content of cut onions decreased with decay, indicating that measurement of chlorophyll content is an effective means of evaluating the quality of cut onions.
Thus, EC, potassium and ammonia contents of electrolytes leaked from cut onions had a strong connection with onion quality. Chlorophyll content is also useful to evaluate the quality of this vegetable. However, the EC, potassium or chlorophyll content must be continuously measured to understand the point of inflection or ratio of decrease. Namely, the quality of onions cannot be evaluate without continuous measurement. On the contrary, ammonia was not leaked until the unpleasant odor was detected, and this occurred the first time when the quality of the cut onions deteriorated. If ammonia leakage was measured once, the quality of the onions could be evaluated. Therefore, ammonia content of electrolyte leakage from cut onions was found to be a good parameter with which to evaluate and quantify the quality of fresh-cut Welsh onions. 
